This study represents the PhD thesis research of the lead author. The greater study is designed as a mixed-methods explanatory case study. The overarching objective is to explore whether the CEAB graduate attributes are emphasized in the engineering programs in the Faculty of Engineering at the University of Manitoba in the most optimal way. The first phase of the study is designed to determine the relative importance and the levels of dependencies of the graduate attributes across three engineering stakeholder groups: faculty, students, and industry members. In this paper, the design and methodology of the first phase of this mixed methods research study are explained, and the preliminary findings from the participation rates and participants' familiarity with the graduate attributes on the survey data are presented. Results show that a sizable percentage of students, faculty and industry members are not highly familiar with the CEAB graduate attributes. Therefore, work to develop a common knowledge about the CEAB graduate attributes needs to continue.
INTRODUCTION & MOTIVATION
Engineering accreditation boards have moved away from a quality assurance model focused on documenting inputs, to an outcomes-based model focused on assessing and improving students' learning [1] [2] . Accredited engineering programs are now required to demonstrate that their students are competent in a number of areas [3] [4] . For Canadian accredited programs, the Canadian Engineering Accreditation Board (CEAB) has identified 12 graduate attributes that comprise a variety of skills, knowledge, attitudes, values, and behaviours [2] that students must show competence in by graduation. Canadian institutions seeking CEAB accreditation are responsible for developing learning outcomes and using outcomes-based pedagogical practices to afford students the opportunity to demonstrate these attributes [5] [6] [7] [8] . This requires that accredited programs develop curricula that are constructively aligned with their educational objectives, teaching methodologies, and assessment tools in order to facilitate students' competencies in these areas [9] [10] .
Today, engineering educators are already contemplating how to design pedagogies for the Engineer of 2050. Terms, such as the 'T-shaped professional,' are emphasizing the development of both the professional and technical skillsets [11] . In engineering, these comprise of the technical skills unique to the engineering profession, such as engineering knowledge and use of engineering tools, problem analysis, investigation, and design, coupled with the intrapersonal skills required of graduates to work successfully, ethically and professionally, and communicate effectively in multidisciplinary teams while negotiating an environmentally and socially challenging, culturally complex, diverse world. As stated, engineering educators have already identified the attributes inherent to developing the Tshaped engineering professional; however, the relative importance of these attributes and their interconnectivity has yet to be explored.
In order to design engineering programs to support the consistent and effective development of T-shaped graduates, engineering educators need to have a clear understanding of the relative importance of each of the 12 CEAB graduate attributes, and if and how each attribute is dependent on another attribute. As engineering educators are preparing their students to enter the professional world, knowing how the graduate attributes manifest in stakeholders' respective engineering domains is vital to developing a common understanding of the skills, knowledge, behaviours, values and attitudes that are essential for our future engineers. Once the relative importance and dependencies of the graduate attributes are established, findings can be used to determine the content validity of engineering programs, and to inform the improvement and design of authentic, outcomes-based engineering curricula in order to graduate engineers who are optimally prepared for the demands of industry.
This research represents the PhD thesis of the lead author. The greater study is designed as a mixed-methods explanatory case study [12] [13] [14] . The overarching objective is to explore whether the CEAB graduate attributes are emphasized in the engineering programs in the Faculty of Engineering at the University of Manitoba in the most optimal way. The study will be executed in three phases. The first phase is designed to determine the relative importance and the levels of dependencies of the graduate attributes across three engineering stakeholder groups comprised of faculty, students, and industry members in all engineering areas. In this paper, the design and methodology of the first phase of this mixed methods research study are explained, and some preliminary findings from the participation and demographic questions on the survey data are presented.
THEORETICAL AND EPISTEMOLOGICAL PERSPECTIVES
The theoretical position underlying this research study is interpretivism, as the meanings of individuals' understandings of the graduate attributes are investigated. The underlying epistemological perspective is that truth is constructed, contextualized, and dependent on the individual and the researcher [15] . This research study design facilitates stakeholders' interacting with the graduate attributes through the intersection of the CEAB definitions and their own understandings of, and experiences with the knowledge, skills and behaviours of which the attributes are comprised. These understandings are based on the engineering role that stakeholders inhabit, i.e., engineering student, engineering faculty, engineering industry member, and the engineering areas that they identify with within their bounded world. Determining the relative importance and dependencies of the graduate attributes and then exploring stakeholders' understandings of the findings will facilitate participants' meaning-making, which further underscores the epistemology of constructivism [16] . This part of the study is interpretive in scope, with the objective to understand how stakeholders perceive how the graduate attributes, and how the graduate attributes are manifest in industry for a new engineering graduate in order to effect valuable changes within the design of engineering curricula [17] .
METHODS

Survey Development
One close-ended rating survey was designed for Phase 1 of the research. The survey was developed to address three areas: demographic information; relative importance of the graduate attributes; and attribute dependencies. The demographic information was purposed to delineate the stakeholder group (i.e., student, faculty or industry); the engineering area (i.e., Biosystems, Civil, Computer, Electrical, Mechanical or Other); the number of years as a student, faculty, EIT or P.Eng., and participants' familiarity with the CEAB graduate attributes. The latter category was designed with a four-item forced choice confidence scale [18] , giving participants the following classifications to choose from when asked: Are you familiar with the CEAB graduate attributes?
No -I haven't heard of them/I've heard of them but can't recall them Somewhat -I know a few of them Yes -I know them, I can list them Yes, very familiar -I know them, I can list them and define them
The second part of the survey was comprised of a 2part rating questionnaire, where participants were asked to rate the frequency and criticality of each of the graduate attributes based on two questions:
How often do you think an Engineer-in-Training (EIT) at the beginning of his/her career will perform a task that clearly requires this graduate attribute?
What do you think will be the potential effect on workplace performance for an Engineer-in-Training (EIT) at the beginning of his/her career if he/she does not have a sufficient level of competency for this graduate attribute?
Participants were given a list of the 12 graduate attributes and the CEAB definition for each attribute, along with a 5-point Likert scale for frequency, shown in Table 1 , and a 5-point Likert scale for criticality, shown in Table 2 . Participants were asked to record the frequency and criticality for each of the 12 graduate attributes. The frequency and criticality scales were developed under the guidance of, and informed by the work of Dr. Robert Renaud [19] .
In the third part of the survey, participants were asked to score the dependency of each attribute on every other attribute based on a 5-point percentage scale of 100, 75, 50, 25, and 0%. Participants were asked:
Based on your experience, please indicate on a percentage scale that ranges from 100% = total dependency to 0% = no dependency (see [scale] below), the degree to which you feel that the attribute listed on the left is dependent on, or requires, the attribute listed on the right for an Engineer-in-Training (EIT) at the beginning of his/her career.
Piloting Survey.
Five Engineers-in-Residence and three senior year engineering students from the Faculty of Engineering at the University of Manitoba piloted the survey before data collection commenced. Several changes were made as a result.
Modification to the phrasing of the demographic question regarding number of years as an Engineer was made to reflect pilot participants' feedback (i.e., participants questioned what specifically was being asked: Number of years as an Engineer since graduation? As a P.Eng.? Since birth?, etc.). Adjustments to the phrasing of the survey questions were also made. The survey originally asked: How often would a professional engineer perform a task that clearly requires this graduate attribute? This was changed to read: How often do you think an Engineer-in-Training (EIT) at the beginning of his/her career will perform a task that clearly requires this graduate attribute? (Changes underlined.) This question was rephrased to ask participants what they think the criticality and frequency of each graduate attribute would be, allowing for participants to answer the questions even if they had no experience in the field (i.e., a student). Secondly, changing professional engineer to Engineer-in-Training (EIT) at the beginning of his/her career increased the content-related validity of the survey [20] . The purpose of this study is to determine the relative importance of the graduate attributes for the purpose of engineering program validation and improvement. This will ultimately enhance these targeted competencies in the engineers who graduate from our programs, better preparing them for their transition into industry. Therefore, we are interested in the relative importance of the graduate attributes at the point of transition from student to graduate engineer in order to optimally prepare students for their work in industry. Demarcating the engineering profile as an EIT at the onset of an engineering career more clearly met the objectives of the study. The final change, based on pilot feedback, was to add an example to the instructions of the Dependency 0% -Whenever an Engineer-in-Training (EIT) at the beginning of his/her career does something that involves using his/her Knowledge Base it will never depend on/require Problem Analysis.
The percentage symbol was also added to each column of the survey where the numeric scale was delineated for increased clarity.
Ethics and University Approval
Ethics approval for the study has been granted through the Education and Nursing Research Ethics Board (ENREB) at the University of Manitoba. Additionally, permission to survey University of Manitoba faculty and student was sought from and approved by the Office of Institutional Analysis at the University of Manitoba, and by the Dean of Engineering.
Target Population & Proposed Dissemination
Participants for Phase 1 of the study comprised of three University of Manitoba engineering stakeholder groups: senior year undergraduate engineering students enrolled in Capstone, engineering faculty, and Manitoba industry members associated with the Faculty of Engineering through Friends of Engineering at the University of Manitoba or through our provincial professional engineer licensure body (formerly known as APEGM, now called Engineers Geoscientists Manitoba). Friends of Engineering was established in May 2008 and is comprised of a group of Manitoba industry members who are committed to a partnership with the U of M Faculty of Engineering to support excellence in engineering education [21] .
At the time of data capture (mid December 2015end of January 2016), there were approximately 91 faculty in Engineering, as well as several hundred senior year undergraduate students from the Departments of Biosystems, Civil, Electrical and Computer, and Mechanical Engineering collectively, and 70 engineering industry Friends of Engineering members. Based on these numbers, the target sample size required for a reliable, valid, and relevant analysis for each stakeholder group was calculated on a standard deviation of .2, a 95% confidence level, and a confidence interval of +/-5% to +/-10% as follows [22] : ss = 2 2 * (p)* (1-p) c 2 As a result, although requests for participation were sent to every member of all three of the stakeholder groups, the goal for survey participation was between 49-121 students, 37-67 faculty, and 33-55 industry member participants (see Table 3 ).
Data Capture
Data were gathered via the close-ended rating/scoring survey that was made available either electronically on SurveyMonkey or via email, or in paper form. Emails requesting participation were sent to all engineering faculty and all senior students taking Capstone through the four engineering departments (Biosystems, Civil, Electrical and Computer (ECE), and Mechanical). Additionally, the PhD researcher visited one Biosystems, Civil and ECE Capstone class each to request student participation (the Civil Capstone could not accommodate at the time that data were being collected). Industry members were sent email participation requests through Engineers Geoscientists Manitoba's weekly ENews, and through Friends of Engineering's mailing list.
Participation for all stakeholders was optional and confidential. Data from the surveys are anonymous, as participants were asked to refrain from identifying themselves on the documents, and SurveyMonkey was adjusted so that the IP addresses of electronic survey participants were not captured.
Proposed Analysis & Research Phases
The first phase of the study will be a quantitative determination of the relative importance and dependency ratings of the graduate attributes, analyzed using descriptive statistics and inferential statistics, such as one-way ANOVA [23] [24] , adaptive conjoint analysis (ACA) [25] and/or cluster analysis [26] . Data will be analyzed to determine the largest relative importance of the graduate attributes; the comparative importance of the graduate attributes; and the percentage of the engineering program that each attribute should occupy based on stakeholders' perceptions of the graduate attributes. Relative importance will be calculated as:
The data will be analyzed by stakeholder group (faculty, students, and industry) and engineering area (within case), as well as holistically, as one group (engineering stakeholders of the University of Manitoba) (across case).
FINDINGS
At this time, the data have just been entered and cleaned, and extensive analyses have yet to be conducted. For the purposes of this paper, participation data and familiarity with the graduate attributes will be reported on.
Participation
The total number of participants, once data were cleaned, was 220. One of these participants did not identify his/her stakeholder group. Therefore 219 participants' data will be analyzed. Seven participants identified with more than one stakeholder group, with one participant identifying as student/faculty; one identifying as student/faculty/industry; and five identifying as faculty/industry. For these labels, faculty trumped both student and industry identities (i.e., all seven participants were labeled faculty). This decision was based on the data collected from pilot participants. Five of the pilot participants were Engineers-in-Residence in the faculty. Engineers-in-Residence (EIR) are industry members who, in partnership with industry and the Faculty of Engineering, are hired to teach courses in the faculty designed to meet specific industry needs. Four of the EIRs who completed the pilot forms, despite having a number of years of industry experience, all identified themselves as faculty. Survey participants who labeled themselves as faculty/industry or student/faculty/industry were assumed by the researcher to be Engineers-in-Residence. Therefore, they were ultimately placed into the Faculty stakeholder group, consistent with how the EIRs who piloted the survey identified themselves.
Overall, percentage of participation was approximately 53% students; 51% faculty; and 69% industry (see Table 3 ). Participation rates for all stakeholder groups fell within the survey sample size range, with the student stakeholder participation rate meeting the +/-5% confidence interval, and industry and faculty stakeholder rates falling within the +/-5% and +/-10% confidence interval range.
Participants' Familiarity with the Graduate Attributes
Participants were asked if they were familiar with the CEAB graduate attributes, and given four answers from which to choose, that included No, Somewhat, Yes, and Very descriptions (see Section 3.1 Survey Development).
Only one participant out of 219 did not select an answer. Table 4 demonstrates the results. Forty-nine percent of students either hadn't heard of the CEAB graduate attributes, or had heard of them but couldn't recall them. Forty-six percent of students knew a few of the graduate attributes; four percent knew them and could list them, and less than one percent of students were very familiar with the graduate attributes. Four percent of faculty either hadn't heard of the CEAB graduate attributes, or had heard of them but couldn't recall them. Thirty percent of faculty were somewhat familiar with the graduate attributes; and fifty percent of faculty were familiar or very familiar with the graduate attributes. Forty-two percent of industry members either hadn't heard of the CEAB graduate attributes, or had heard of them but couldn't recall them. Forty percent were somewhat familiar; nineteen percent were familiar, and no industry member perceived that they were very familiar with the CEAB graduate attributes.
DISCUSSION
Perceptions are personal opinions, influenced by the way that people view and interpret their own knowledge, their learning experiences and goals, their expectations, the place from which they experienced instruction and learning, and the level of autonomy that they have to direct the instruction and learning [27] . Personality can change perceptions. For example, a person whose orientation is for individual expertise will believe that they have acquired more knowledge and better abilities than counterparts of lower drive [28] . Furthermore, how persons react to their perceptions will vary their experiences, and thus responses [27] . Perceptions also differ between respondents who have different primary functions within the educational equation. For example, as suggested by a history of research, faculty and students often perceive educational efforts and methods differently [29] . Therefore, perceptions between different stakeholders, i.e., students, faculty and industry, are likely to be varied [27] .
Due to the potential differences in perceptions in the educational equation, it becomes essential to understand engineering stakeholders' acuities regarding the relative importance and dependencies of the graduate attributes, so that misconceptions or differences can be revealed, common understandings found, and ultimately, curricula can be improved. This is especially important in education, as the intended curriculum is not inevitably the learned curriculum [7] [30] . This research is intended to prompt consideration and discussions amongst engineering stakeholders of the Faculty of Engineering at the University of Manitoba regarding their understandings of the 12 CEAB graduate attributes, in order to inform common understandings and best practices in outcomes-based education. Outcomes-based education is a process that continually focuses on student learning and demands institutions to be accountable to the evidence of the learning [31] . Based on the findings regarding stakeholders' perceptions of their familiarity with the graduate attributes, it would seem that more work needs to be done to familiarize our engineering stakeholders about the CEAB graduate attributes, particularly students and industry.
Research shows that there is a growing awareness of the value of outcomes-based pedagogical practices, not only for enhancing student learning [32] , but also for enriching program quality [33] . The outcomes-based pedagogy born out of the new CEAB accreditation criteria is meant to be a dynamic process: a continuous cycle of assessment and program improvement [8] [4] . To achieve effective outcomesbased education, it stands to reason that the stakeholders required to develop these outcomes should be cognizant of what these outcomes are.
Part of the requirements in the new outcomes-based accreditation process is to involve all engineering stakeholders in the institution's outcomes-based assessment and continual improvement process [5] ; this is indicative of the institution's commitment to accountability [39] . Indirect assessment data should be gathered from faculty, students, alumni and industry in order to triangulate direct assessments, but there are other, valuable reasons for involving the engineering community: By providing opportunity for feedback, faculty demonstrates its partnership, goodwill, and accountability to their engineering stakeholders [40] . Students provide indispensible feedback as consumers of their education, and given the opportunity, relish the chance to be part of the discussion that leads to program improvement and gives them some autonomy in the course of their own learning. Faculty members, who are integral to the improvement process, are more likely to buy-in to outcomes-based assessment if their own perceptions and expectations are heard [31] . And industry members provide indispensible front-line feedback as they hire new engineering graduates, and are in the unique position to assess new graduates' outcomes post-graduation [38] [41] [1] . This is especially significant as a majority of engineering graduates proceed to work in industry [42] [40] .
Part of the success of any new initiative is the establishment of a common language and a shared understanding [9] [2]. This is especially so when the goal is to create faculty buy-in when founding an assessment protocol. A common language leads to a shared understanding and the development of a common set of expectations [9] . Unclear or dissimilar understandings can sabotage the installation of a successful outcomesbased assessment protocol [2] .
A collective language that supports the comprehension and expectancies of students and faculty is essential, especially when assessing student outcomes. Indeed, this is an area of particular importance as when considering that the history of research indicates that students and faculty do not share similar perceptions in regards to pedagogical methods and practice [29] . This has even greater emphasis when it comes to assessment, where large differences in the perceptions of students versus faculty were found when their perceptions of efficacy and usefulness of assessments of learning were explored [29] .
The significance of establishing a common language extends to other engineering stakeholders as well. Research shows that while academics and industry are striving to establish a shared understanding in regards to employability skills for graduates, there is still a chasm between the two groups [43] . The same holds true for the language academics use compared to industry [44] . If the language of academics and industry are different, then it is quite possible that the expectations will differ as well [40] .
It is fundamental to understand faculty, student and other engineering stakeholders' expectations and perceptions when it comes to the 12 CEAB graduate attributes and the development of reliable and valid assessment practices, and language will be the conduit. How each of these groups defines, understands, and recognizes the attributes must be established in order to validly and reliably assess student attribute competencies [29] . In the end, understanding the differences around how each of the engineering stakeholders defines the essential attributes in engineering will create fusion between the groups and lead to a deeper appreciation for and insight into the profession of engineering [45] . Therefore, establishing a common knowledge and understanding of the graduate attributes for all of our engineering stakeholders is paramount. The preliminary findings from this research study demonstrate that this is still an area that we must pursue.
NEXT STEPS
From the findings of Phase 1, the beginnings of a theoretical/conceptual framework will be developed, which will be held up to a qualitative investigation of the three engineering stakeholder groups' responses to the framework in Phase 3. In Phase 2, the Department of Biosystems in the Faculty of Engineering will be targeted to examine the content validity of the graduate attributes in their program curriculum against the attribute relative importance and dependencies as established in Phase 1.
CONCLUSIONS
This research represents the PhD thesis of the lead author. The greater study is designed as a mixed-methods explanatory case study. The overarching objective is to explore whether the CEAB graduate attributes are emphasized in the engineering programs in the Faculty of Engineering at the University of Manitoba in the most optimal way. The study will be executed in three phases. The first phase is designed to determine the relative importance and the levels of dependencies of the graduate attributes across three engineering stakeholder groups: faculty, students and industry members. In this paper, the design and methodology of the first phase of the study were explained, and some preliminary findings on participants' perspectives of their graduate attribute familiarity were presented.
The initial findings from this study will enable engineering stakeholders to contemplate their own understandings regarding the CEAB graduate attributes. Investigating individual stakeholders' understandings of the graduate attributes will help to establish a common knowledge and understanding of them amongst our student, faculty, and industry stakeholders. The early findings from this study indicate that work to develop a common knowledge about the CEAB graduate attributes needs to continue.
